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METHOD AND APPARATUS FOR EXTERNAL CALIBRATION 
OF A CAMERA VIA A GRAPHICAL USER INTERFACE 




Field of the Invention 

5 The present invention relates generally to the field of image 

signal processing/ and more particularly to techniques for 
calibrating pan- tilt- zoom (PTZ) cameras and other types of cameras 
in video conferencing systems, video surveillance systems and other 
camera -based systems . 

10 

Background of the Invention 

In camera-based image processing systems , such as video 
conferencing systems / video surveillance and monitoring systems / 
; and human-machine interfaces, it is important to provide a proper 
^15 calibration for the camera or cameras of the system. For example, 
I in a video conferencing system, it is often desirable to frame the 
I head and shoulders of a particular conference participant in the 
[ resultant output video signal, while in a video surveillance 
system, it may be desirable to frame the entire body of, e.g., a 
[20 person entering or leaving a restricted area monitored by the 
^ system. Accurate performance of such detection and tracking 

\ operations generally requires that the cameras involved be properly 
^ calibrated. 

The calibration process for a given camera may include both an 
25 internal calibration and an external calibration. The internal 
calibration involves camera parameters such as principal point, 
focal length, and mapping from zoom ticks to focal length. The 
external calibration involves a determination of the position and 
orientation of the camera, and may include estimates of pan and 
30 tilt biases . 

Conventional calibration techniques suffer from a number of 
significant drawbacks. For example, such techniques are often 



C.\Phiiips\Patems\701 11 A701 i 17_a.doc 



1 



computationally expensive and may not provide a desired level of 
stability . 

A number of camera-based image processing systems exist which 
incorporate a graphical user interface (GUI). However, such systems 
5 generally utilize the GUI for purposes unrelated to camera 
calibration. The calibration in such systems is generally performed 
using one of more of the above-noted conventional techniques, 
without utilization of the GUI. 

It is apparent from the foregoing that a need exists for 
10 improved techniques for camera calibration in camera-based image 
processing systems . 

Summary of the Invention 

The invention provides methods and apparatus for calibration 
|jl5 of a camera used to generate a video signal or other type of image 

signal in a camera-based image processing system. 
Ij In accordance with one aspect of the invention, a camera of a 

camera-based image processing system is calibrated using a 
n graphical user interface (GUI) of the system. A representation of 
5:;l20 an area in which the camera is to be operated is presented via the 
|J GUI, and calibration information is obtained for each of a set of 
one or more calibration points sequentially as the camera is 
pointed to corresponding positions in the area. For each of the 
one or more calibration points, the calibration information is 
25 obtained after a command is entered identifying a corresponding 
position of the calibration point within the representation of the 
area as presented via the GUI. An external calibration including 
camera position and orientation may then be computed for the camera 
based on the calibration information obtained for the one or more 
30 calibration points. 

By way of example, the set of calibration points may include 
only a single calibration point, in which case the computed 
information may include only a pan bias for the camera. As another 
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example, calibration information obtained for at least three 
calibration points may be used to compute both a two-dimensional 
position of the camera and a pan bias of the camera. As yet 
another example ; calibration information obtained from three 
5 additional calibration points may be used to compute a tilt bias of 
the camera. 

In accordance with another aspect of the invention, the system 
may be configured to estimate a pan bias for the camera using the 
calibration information and assuming that the camera position is 

10 known and the tilt bias is zero. The system may also be configured 
to estimate a camera position and a pan bias for the camera using 
the calibration information and assuming that the camera height is 
known and the tilt bias is zero. In any case, a tilt bias may be 
estimated for the camera after first determining a camera position 

15 and a pan bias for the camera. 

Advantageously, a calibration process in accordance with the 
present invention overcomes one or more of the above- noted problems 
associated with conventional calibration techniques. For example, 
the calibration techniques of the invention are generally less 

20 computationally expensive and more stable than conventional 
techniques. The techniques of the invention can be used in a wide 
variety of image processing applications, including camera-based 
systems such as video conferencing systems, video surveillance and 
monitoring systems, and human -machine interfaces. These and other 

25 features and advantages of the present invention will become more 
apparent from the accompanying drawings and the following detailed 
description . 

Brief Description of the Drawings 

3 0 FIG. 1 is a block diagram of a camera-based image processing 

system in which the present invention may be implemented. 
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FIG. 2 is a flow diagram showing the operation of an exemplary 
camera calibration process in accordance with an illustrative 
embodiment of the invention. 



5 Detailed Description of the Invention 

FIG. 1 shows a camera-based image processing system 10 in 
which the camera calibration techniques of the present invention 
may be implemented. The system 10 includes a processor 12 , a 
memory 14, a set of one or more input/output (I/O) device(s) 15 and 

10 a controller 16, all connected to communicate over a system bus 17. 
The system 10 further includes a camera 18 that is coupled to the 
controller 16 as shown. The camera 18 may be, e.g., a pan-tilt-zoom 
(PTZ) camera, a zoom camera or any other suitable image capture 
device. The term ''camera'' as used herein is therefore intended to 

15 include any type of image capture device. 

Also part of the system 10 is a display 20 which provides a 
graphical user interface (GUI) 22 for use in implementing a camera 
calibration process in accordance with the invention. The display 
20 is coupled to one or more of the I/O devices 15, and the GUI 22 

20 presented thereon may be generated by execution of one or more 
software programs via processor 12 and memory 14 of system 10. As 
will be described in greater detail below, the GUI 22 as part of a 
calibration process presents a map of a room or other area in which 
the camera 18 is to be operated and for which calibration is 

25 desired. The term ''map" as used herein is intended to include any 
type of displayed representation of a room or other area, 
configured such that one or more calibration points in the room or 
other area to which a user may point a camera have a corresponding 
point or points in the displayed representation. 

30 Although not shown explicitly in FIG. 1, additional elements 

may be present in the system 10. For example, coupled to one or 
more of the I/O devices 15 may be a mouse or other point-and-click 
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device, a keyboard, a printer, disk drive or other peripheral, or 
other types of well-known devices. 

The system 10 may be adapted for use in any of a number of 
different image processing applications, including, e.g., video 
5 conferencing, video surveillance and monitoring, human-machine 
interfaces, etc. More generally, the system 10 can be used in any 
application which can benefit from the improved calibration 
capabilities provided by the present invention. 

Elements or groups of elements of the system 10 may represent 

10 corresponding elements of an otherwise conventional desktop or 
portable computer, as well as portions or combinations of these and 
other processing devices. Moreover, in other embodiments of the 
invention, some or all of the functions of the processor 12, 
controller 15 or other elements of the system 10 may be combined 

15 into a single device. For example, one or more of the elements of 
system 10 may be implemented as an application specific integrated 
circuit (ASIC) or circuit card to be incorporated into a computer, 
television, set-top box or other processing device. 

The term ^^processor^' as used herein is intended to include a 

20 microprocessor, central processing unit (CPU), digital signal 
processor (DSP), microcontroller or any other data processing 
element that may be utilized in a given data processing device, as 
well as combinations or portions of these elements. In addition, 
it should be noted that the memory 14 may represent an electronic 

25 memory, an optical or magnetic disk-based memory, a tape-based 
memory, as well as combinations or portions of these and other 
types of storage devices , 

The present invention in an illustrative embodiment provides 
a camera calibration process that makes use of the GUI 22 of the 

30 system 10. 

FIG. 2 is a flow diagram of the camera calibration process in 
the illustrative embodiment of the invention. It is assumed for 
purposes of illustration only that the camera 18 is a PTZ camera 
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arranged in a room or other area to be monitored, and that the pan, 
tilt, zoom and other parameter settings of the camera can be 
controlled by a user, e.g., via the GUI 22 or other appropriate 
interface . 

5 In step 100 of FIG. 2, a user initiates the calibration 

process via the GUI 22. For example, the user may initiate the 
process in response to a displayed icon or other indicator 
directing or suggesting that the user perform a calibration. As 
another example, the calibration may be part of a system set-up 

10 procedure. The system in step 102 responds to initiation of the 
calibration procedure by displaying to the user via the GUI 22 a 
map of the room or other area to be monitored. As noted previously, 
this map is a representation of the room or other area, and 
includes one or more points corresponding to points in the room or 

15 other area that the user may select as calibration points. 

In step 104, the user utilizes the pan, tilt and zoom controls 
of the camera 18 to point the camera to a selected calibration 
point in the room or area. This point may be selected by the user 
without input from the system. Alternatively, one or more 

20 suggested calibration points may be made apparent to the user, 
e.g., via the GUI 22 or any other suitable interface. The user 
points the camera such that the selected calibration point is 
positioned in a particular manner within an image generated by the 
camera, e.g., in the middle of the image. This allows the 

25 spherical coordinates of the selected point to be obtained in the 
camera coordinate system, as will be described in greater detail 
below . 

Once the camera is pointed to the selected point, the user 
then clicks on the corresponding position in the map displayed via 
30 the GUI 22, using a mouse or other point-and-click device, a 
keyboard, or any other type of input device. This allows the 
system to obtain the position of the point in a desired world 



C:\Phjlips\Patems\701 i 17\701 n7_a.doc 



6 



coordinate system/ as will also be described in greater detail 
below. 

As indicated in step 106/ the process described in conjunction 
with step 104 may be repeated for each of one or more additional 

5 calibration points selected by the user. Each of these calibration 
points thus yields a calibration measurement for a given camera 
setting. It should be noted that the minimal number of points 
required will depend on the particular result that the user wants 
to achieve. For example, if the user wants to calibrate the camera 

0 only for pan bias, then a single calibration point will generally 
be sufficient. However, if the user wants to calibrate the camera 
for position, without height, as well as the pan bias, three points 
will generally be required, and for tilt bias, three additional 
points will generally be required. The number of times step 104 is 

5 repeated is thus dependent upon the particular calibration 
application . 

After step 105 is complete, the user issues a CALIBRATE 
command in step 108, and in step 110 the system responds by 
computing a calibration for the camera based on the information 

0 gathered in step 104 for the various selected calibration points. 
The computed calibration in this embodiment may include the 
position and orientation of the camera in a predefined world 
coordinate system. The CALIBRATE command in step 108 may be 
generated via a point-and-click device, keyboard, etc. using 

5 information displayed via the GUI 22 . 

The manner in which the system 10 performs the calibration 
computations in step 110 of FIG. 2 will now be described in greater 
detail , 

Camera 18 may be viewed for purposes of illustration as a 
0 device that maps points from a three-dimensional (3D) ^^world'' onto 
a two-dimensional (2D) image plane. In order to perform 
measurements back from the image plane to the 3D world, it is 
generally necessary to compute certain camera parameters. This 
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process is generally referred to herein as camera calibration.'^ 
Such calibration may involve the use of a projective camera model 
with the mathematical form given below: 



5 sp = 0(i?P + T), (1) 

where p denotes the image coordinates of a world point s denotes 
the projective scale factor, Q is an internal camera calibration 
matrix, and R and T are the rotation and translation, respectively, 
10 that align the camera and world coordinate systems. This type of 
calibration represents a type of external calibration, i.e., an 
estimation of the position and orientation of the camera. The 
internal camera calibration matrix Q used in the external 
calibration process is of the form: 



15 



Q - 



f 0 X, 

0 f Yo 
0 0 1 



(2) 



where {xq, yo) denotes the principal point of the camera, i.e., the 
intersection between the optical axes and the imaging plane of the 
20 camera, and f denotes the focal length of the camera. Note that 
these internal camera calibration parameters are expressed in 
pixels . 

The present invention in the illustrative embodiment provides 
a camera calibration that can be performed using only one-point 
25 correspondence between several pairs of images, and thus with 
considerably reduced complexity relative to conventional 
techniques. It is assumed for purposes of clarity and simplicity of 
illustration that the centers of rotation of the pan and tilt 
mechanisms of the camera coincide with the center of the camera. 
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The distance between these points is usually small and therefore 
this assumption is appropriate. 

Let OX^Y^Z^ denote the 3D coordinate system of the room or 
other area monitored by the camera, and let C denote the location 
5 of the camera. This 3D coordinate system is also referred to 
herein as the above -noted world coordinate system. Let Cx^yX 
denote the camera coordinate system for zero pan and tilt angles 
and let the axis coincide with the optical axis of the camera. 
If a user wants to point the camera toward a point A, the user 
10 may rotate the camera around the pan and tilt axes by the angles 

and Prar respectively. To compute these angles, one needs to know 
the world coordinates of the camera (Zc. Ycr Zc) and point A {Xi, Yi, 
Zi) r and the orientation of the camera in the world coordinate 
system, or more conveniently, the orientation of the camera in the 
15 normalized camera coordinate system Cx^y^z^ , obtained by translating 
the world coordinate system from O to C. 

The camera orientation can be represented by the angles <3tffset/ 
A^ffset and }&ffset and these angles will be referred to herein as the 
pan bias, tilt bias and roll bias, respectively. In place of the 
20 tilt bias and roll bias it may be convenient to use as substitutes 
the quantities (p^ = ^ cos 7, = ^ sin 7 , respectively. 

Furthermore, one can define the tilt bias as a function of the 
pan angle such that it will have the form: 

25 pia) = ip^ cos a + sin a . (3) 

For each camera setting, the following two equations can be 
derived : 
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= atan ( 



cc, + a,,,,,, = atan 2 



(4) 



where 





= 






= 


- 






- Zc 



Given n different camera settings {n > 3); the camera 
calibration parameters may be estimated by minimizing the cost 
function corresponding to equation (5) below: 



f(P^,co) - + ^off - ^tan 2- ) 

2 = 1 ^2C ~ V^X^iC _ 



where Pc = (-^c / / ^c) and co = (Offset/ 9xf 9y) - 

A number of algorithms for use in determining camera position 
and orientation in accordance with the present invention will now 
be described in greater detail. The first algorithm to be described 
assumes that the camera position is known and that the tilt bias 
can be approximated to zero, and estimates the pan bias. Only a 
single calibration point is required in this case. The second 
algorithm assumes that the camera position is unknown, and 
estimates the camera position and the pan bias assuming that the 
tilt bias is approximately zero. This algorithm utilizes three 
calibration points. The third algorithm estimates the tilt bias 
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assuming that the camera position and the pan bias are known, and 

uses three additional calibration points . 

As noted previously, each calibration point corresponds to a 

particular set of camera settings . 
5 The order in which the above -noted algorithms are presented 

herein follows one possible implementation of the invention. More 

particularly, one can first use a set of at least three camera 

settings, for which the tilt bias can be neglected, to compute the 

pan bias and camera position using the first or second algorithms 
10 noted above. Then, knowing the pan bias and camera position, one 

can use another set of at least three camera settings to compute 

the tilt bias using the third algorithm. 

The first algorithm referred to above estimates the pan bias 

from equations (4) and (5). The simplest scenario occurs if the 
15 camera position is exactly known and the tilt bias is assumed to be 

zero. In this case, the pan bias can be estimated directly from 

(4), and for n measurements , the least squares solution is given 

by: 

20 a^,,^^^ - - J(atan 2{Y,^,X,,)- a,). (6) 



For better precision, it is advisable to choose reference 
world points to be at a height similar to that of the camera. In 
this case the term Z^c in (4) will be close to zero, and as the tilt 
25 bias {tp^ and <Py) is usually close to zero, the terms <p^Z.^ and (PyZ^^^ 

in (4) can be neglected. 

The second algorithm referred to above estimates both camera 
position and pan bias. Assume that only the camera height is known 
and that the Xc and Yc components of the camera position are only 
30 approximate. As before, it can again be assumed that the tilt bias 
is zero. 
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The camera position and pan bias can now be computed using the 
following linear algorithm. Consider the first equation in (4) 
assuming <p^ - (Py = 0 . This equation now becomes : 

5 a, + a^,,^^, = atan 2 ( (6a) 

After applying the tangent operation to both sides of equation 
(6a) and rearranging terms , the result can be written as: 

10 m,{X, + F.tJ ~ ~ m,t, - {Y^ - t,XJ - 0 , (6b) 

where : 

t ^ = tan a ^ r m ^ = tan a , 

15 

Given three or more measurements (ai/ Xi, Yi) ; the vector m = 
[iuq nil ^2] as defined above can be determined using a method such as 
least squares. Once m is computed^ the camera position and pan bias 
can be easily found. 

20 It should be noted that this linear algorithm can produce 

acceptable results for a number of different applications. However, 
since it minimizes a cost function associated with equation (6b)/ 
which is different from the optimal cost function associated with 
equation (6a)/ the linear algorithm does not produce the optimal 

25 result. 

The optimal camera position and pan bias can be estimated by 
minimizing the following cost function (7) associated with the 
first equation in (4): 
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f{Xf,, Y ^ , CL offset ) 

« 2(7) 

£ {a, + a,,,,,, - atan 2 (7,^ , X,c)) 



As this is a nonlinear function, the solution generally has to 
be found numerically. For example, one can use conjugate gradients 
5 to minimize the cost function, and the solution with a precision on 
the order of 0.0001 is typically found in three to four iterations. 
As initial values, one can use the solution obtained from the 
linear algorithm. 

The third algorithm referred to above estimates the tilt bias. 
10 As previously noted, in one possible implementation of the 
invention, the tilt bias is estimated after the camera position and 
the pan bias have been computed. In this case, the tilt bias can be 
estimated from the second equation in (4). However, better results 
may be obtained using the following empirical model instead of the 
15 second equation in (4): 

(p{a) ^ -V <p^ cos a ^ (p^ sin a , (8) 

The factor <p^ in equation (8) accounts for the mechanical 
20 imperfection of the tilt mechanism and the fact that the camera may 
be unable to produce zero tilt. Experimental results justify the 
introduction of this factor and indicate a significant reduction in 
prediction error. 

Substituting equation (8) into the second equation in (4) 
25 results in: 

9o + 9x ^os a ■\- sin a - 

Z.r \ ^ _ . . (9) 



atan ( ) - T,, i = 1, ... r n. 



■ iC 
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Equation (9) is linear in cp = {(p^, <p^f (Py) and the tilt bias 
parameters can be estimated using least squares and solving a 
system of three linear equations in (p . The minimum number of points 
5 required in this case is 7:1 = 3 . 

In order to obtain the estimate of Z-^ one may choose the 
world points with known heights. For example, these points may be 
on the floor of a given room. If the points are chosen on the 

ceiling of the room, then the term atan(-p===) - becomes 

10 unreliable, so these points should not be used. 

It is also possible to obtain the tilt bias by minimizing the 
cost function (5) assuming that the camera position and the pan 
bias are known. However, experimental results suggest that this 
approach may not produce acceptable results . 

15 It should be noted that the invention does not require the use 

of any particular type of internal calibration process. The 
internal calibration matrix Q referred to herein can be generated 
using any of a number of well-known conventional techniques. 

The above -described embodiments of the invention are intended 

20 to be illustrative only. For example, the invention can utilize 
other types of algorithms to estimate camera position, pan bias, 
tilt bias and other parameters described herein. As previously 
noted, the invention can be used in a wide variety of camera-based 
system applications, including video conferencing systems, video 

25 surveillance and monitoring systems, and other camera-based 
systems . The invention does not require the use of any particular 
type of camera or configuration of processing elements. The 
invention can be implemented at least in part in the form of one or 
more software programs which are stored on an electronic, magnetic 

3 0 or optical storage medium and executed by a processing device, 
e.g., by the processor 12 of system 10. These and numerous other 
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embodiments within the scope of the following claims will be 
apparent to those skilled in the art. 



n 
a 

m 
m 

HI 
iJ 

a 
m 
a 
ul 
n 

a 



C NPhilips\Patents\70 1 1 17\70 1 1 1 7_a.doc 



15 



Claims 

What is claimed is: 

1. A method for calibrating a camera of a camera-based image 
processing system, the method comprising the steps of: 

presenting via a graphical user interface a 
representation of an area in which the camera is to be operated; 

obtaining calibration information for each of a set of 
one or more calibration points sequentially as the camera is 
pointed to the corresponding positions in the area and, for each of 
the one or more calibration points, a command is entered 
identifying a corresponding position of the calibration point 
within the representation of the area as presented via the 
graphical user interface; and 

computing at least one of position and orientation 
information for the camera based on the calibration information 
obtained for the one or more calibration points. 

2. The method of claim 1 wherein the set of calibration 
points comprises a single calibration point and the computed 
information comprises a pan bias for the camera. 

3 . The method of claim 1 wherein the set of calibration 
points comprises at least three calibration points, and the 
computed information comprises a two-dimensional position of the 
camera and a pan bias of the camera. 

4. The method of claim 1 wherein the set of calibration 
points comprises at least three calibration points, and the 
computed information comprises a tilt bias of the camera. 

5 . The method of claim 1 wherein a user points the camera to 
a position in the area corresponding to a given one of the 
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calibration points by adjusting at least one of a pan setting, a 
tilt setting and a zoom setting of the camera. 

6 . The method of claim 1 wherein a user enters a command to 
indicate to the system that the camera is pointed to a position in 
the area corresponding to one of the calibration points, such that 
the obtaining step is carried out for the particular position upon 
receipt of the command. 

7 . The method of claim 1 wherein the area in which the camera 
is to be operated comprises a room, at least a portion of which is 
monitored by the camera. 

8 . The method of claim 1 wherein the orientation information 
comprises at least one of a pan bias and a tilt bias. 

9 . The method of claim 1 wherein the computing step computes 
a pan bias for the camera using the calibration information and 
assuming that the camera position is known and the tilt bias is 
zero . 

10. The method of claim 1 wherein the computing step computes 
a camera position and a pan bias for the camera using the 
calibration information and assuming that the camera height is 
known and the tilt bias is zero. 

11. The method of claim 1 wherein the computing step computes 
a tilt bias for the camera after first determining a camera 
position and a pan bias for the camera. 

12. An apparatus for use in calibrating a camera of a camera- 
based image processing system, the apparatus comprising: 
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a processor operative: (i) to present via a graphical 
user interface a representation of an area in which the camera is 
to be operated; (ii) to obtain calibration information for each of 
a set of one or more calibration points sequentially as the camera 
is pointed to the corresponding positions in the area and, for each 
of the one or more calibration points, a command is entered 
identifying a corresponding position of the calibration point 
within the representation of the area as presented via the 
graphical user interface; and (iii) to compute at least one of 
position and orientation information for the camera based on the 
calibration information obtained for the one or more calibration 
points; and 

a memory coupled to the processor and operative to store 
at least a portion of the calibration information. 

13. The apparatus of claim 12 wherein the set of calibration 
points comprises a single calibration point and the computed 
information comprises a pan bias for the camera. 

14 . The apparatus of claim 12 wherein the set of calibration 
points comprises at least three calibration points, and the 
computed information comprises a two-dimensional position of the 
camera and a pan bias of the camera. 

15. The apparatus of claim 12 wherein the set of calibration 
points comprises at least three calibration points, and the 
computed information comprises a tilt bias of the camera. 

16. The apparatus of claim 12 wherein a user points the 
camera to a position in the area corresponding to a given one of 
the calibration points by adjusting at least one of a pan setting, 
a tilt setting and a zoom setting of the camera. 
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17 . The apparatus of claim 12 wherein a user enters a command 
to indicate to the system that the camera is pointed to a position 
in the area corresponding to one of the calibration points, such 
that the calibration information is obtained for the particular 

5 position upon receipt of the command. 

18 . The apparatus of claim 12 wherein the area in which the 
camera is to be operated comprises a room, at least a portion of 
which is monitored by the camera. 

10 

19. The apparatus of claim 12 wherein the orientation 
information comprises at least one of a pan bias and a tilt bias. 

20. The apparatus of claim 12 wherein the processor is 
|:p-5 further operative to compute a pan bias for the camera using the 

calibration information and assuming that the camera position is 
known and the tilt bias is zero. 

Q 21. The apparatus of claim 1 wherein the processor is further 

X^^2Q operative to compute a camera position and a pan bias for the 

id camera using the calibration information and assuming that the 

l"^ camera height is known and the tilt bias is zero. 

22. The apparatus of claim 1 wherein the processor is further 
25 operative to compute a tilt bias for the camera after first 

determining a camera position and a pan bias for the camera. 

23 . An article of manufacture comprising a storage medium for 
storing one or more programs for use in calibrating a camera of a 

30 camera-based image processing system, wherein the one or more 
programs when executed by a processor implement the steps of: 

presenting via a graphical user interface a 
representation of an area in which the camera is to be operated; 
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obtaining calibration information for each of a set of 
one or more calibration points sequentially as the camera is 
pointed to the corresponding positions in the area and, for each of 
the one or more calibration points ^ a command is entered 
5 identifying a corresponding position of the calibration point 
within the representation of the area as presented via the 
graphical user interface; and 

computing at least one of position and orientation 
information for the camera based on the calibration information 
10 obtained for the one or more calibration points. 
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Abstract 

A camera of a camera-based image processing system is 
calibrated using a graphical user interface (GUI) of the system. A 
representation of an area in which the camera is to be operated is 
5 presented via the GUI, and calibration information is obtained for 
each of a set of one or more calibration points sequentially as the 
camera is pointed to corresponding positions in the area. For each 
of the one or more calibration points, the calibration information 
is obtained after a command is entered identifying a corresponding 
10 position of the calibration point within the representation of the 
area as presented via the GUI. An external calibration including 
camera position and orientation is then computed for the camera 
based on the calibration information obtained for the one or more 
calibration points. 
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^ DECLARATION and POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled Method and Apparatus for External Calibration of a Camera Via a Graphical User Interface 
the specification of which (check one) 
X is attached hereto. 

was filed on as Application Serial No. and was 

amended on „ ^ 

(if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by the amendment(s) referred to above. 

I acknowledge the duty to disclose information which is material to the patentability of this application in accordance 
with Title 37, Code of Federal Regulation, 31.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, 3 119 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 

PRIOR FOREIGN APPLICATION(S) 



COUNTRY 



APPLICATION 
NUMBER 



DATE OF FILING 
(DAY, MONTH, YEAR) 



PRIORITY CLAIMED 
UNDER 35 U.S.C. 119 



I hereby claim the benefit under Title 35, United States Code, 3120 of any United States application (s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Tide 35 United States Code, 3 1 1 2, 1 acknowledge the duty 
to disclose material information as defined in Title 37, Code of Federal Regulations, 51.56(a) which occurred between 
the filing date of the prior apphcation and the national or PCT international filing date of this application: 

PRIOR UNITED STATES APPLICATION(S) 



APPLICATION SERIAL 
NUMBER 



FILING DATE 



STATUS (PATENTED, PENDING, 
ABANDONED) 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(s) to 

prosecute this application and transact all business in the Patent and Trademark Office connected therewith. (Hst name 

and registration number) 

Algy Tamoshunas, Reg. No. 27,677 

Jack E. Haken, Reg. No. 26,902 



SEND CORRESPONDENCE TO: 
Corporate Patent Counsel; 

U.S. Philips Corporation; 580 White Plains Road; 
Tarrytown,NY 10591 



DIRECT TELEPHONE CALLS TO: 
Gregory L. Thome 
(914) 333-9665 
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Dated: 


Inventor's Signature: 


Full Name 
of 

Inventor 


Last Name: 

Trajkovic 


First Name : 

Miroslav 


Middle Name: 


Residence 
& 

Citizenship 


City 

Ossining 


State or Foreign Country 

New York 


Country of Citizenship 

Yugoslavia (Serbia-Monte Negro) 


Post 

Office 

Address 


Street 

38i/2Walden Road, 
#C-2-ll 


City 

Ossining 


State or Country 

New York 


Zip Code 

10562 




Dated: 


Inventor's Signature: 


Full Name 
of 

Inventor 


Last Name: 


First Name : 


Middle Name: 


Residence 
& 

Citizenship 


City 


State or Foreign Country 


Country of Citizenship 


Post 

Office 

Address 


Street 


City 


State or Country 


Zip Code 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of Atty. Docket 

MIROSLAV TRAJKOVIC US 000176 

Serial No. Group Art Unit 

Filed: CONCURRENTLY Ex. 

METHOD AND APPARATUS FOR EXTERNAL CALIBRATION OF A CAMERA VIA A 
GRAPHICAL USER INTERFACE 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

APPOINTMENT OF ASSOCIATES 

Sir: 

The undersigned Attorney of Record hereby revokes all 
prior appointments (if any) of Associate Attorney (s) or Agent (s) in 
the above-captioned case and appoints: 

RUSSELL GROSS (Registration No. 40,007) 



c/o U.S* PHILIPS CORPORATION, Intellectual Property Department, 580 
White Plains Road, Tarrytown, New York 10591, his Associate 
Attorney (s) /Agent (s) with all the usual powers to prosecute the 
above-identified application and any division or continuation 
thereof, to make alterations and amendments therein, and to 
transact all business in the Patent and Trademark Office connected 
therewith ♦ 



ALL CORRESPONDENCE CONCERNING THIS APPLICATION AND THE 
LETTERS PATENT WHEN GRANTED SHOULD BE ADDRESSED TO THE UNDERSIGNED 
ATTORNEY OF RECORD. 




Attorney of Record 

Dated at Tarrytown, New York 
this 1ST day of AUGUST, 2000. 



MXOIGRFO . SWO 



